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ULTRASOKIC TOOL CONNECTOR 

Fi^ia 9t the ?;i:>ventlon 

This invention relates to techniques and apparatus for 
introducing and removing an orthopedic prosthesis such as a 
femoral component of a hip joint replacement, acetabular cup, 
knee joint, shoulder joint, or the like. In particular, this 
invention relates to quick release ultrasonic tool connectors 
adapted for use in such procedures. 

Backaround of the Invention 

It has been over sixty years since the first use of 
replacement parts for hip joints. There have been many 
advances in the prosthetic components, materials, surgical 
techniques and the like, so that total hip joint replacement 
has become relatively commonplace. Related techniques have 
also been used for replacing knee and shoulder joints. 

There are two principal components to a hip replacement 
prosthesis. One is an acetabular cup which is implanted in 
the acetabulum. The acetabular cup provides a spherical 
socket which is the bearing surface for the replacement joint. 
The other component comprises a femoral stem which is fitted 
into the medullary canal of the femur and a femoral head on 
the steam having a spherical surface which meets with the 
acetabular socket. 

The femoral portion of the prosthesis is inserted by 
cutting off the femoral neck with or without removing the 
greater trochanter. The medullary canal is then prepared 
using drills, reamers and successively larger rasps to produce 
a cavity which is closely complementary to the femoral stem. 
After cleaning, the femoral stem is driven into place in the 
canal with what is essentially a press fit. Preparing the 
cavity to fit the stem is tedious and prolongs the period the 
patient must be kept under anaesthesia. 

The femoral stem may be held in place by a 
polymethylmethacrylate cement (EMMA) or it may be provided 
with a porous surface on the shank which accommodates ingrowth 
of cancellous bone which secxxres the femoral component in the 
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femur. 

The acetabular cup is implanted after grinding a socket 
in the pelvis to receive it. The acetabular cup may be 
secured with cement, or may be fastened to the bone with 
screws after a press fit. Similar techniques, differing in 
detail are used for implanting replacement shoulder joints, 
knees and the like. 

Despite advances in the technology of hip replacement, it 
is found that a substantial number of "revisions" are 
required. Such revisions involve removing components of the 
hip joint and replacing them. Such revisions may be required 
shortly after the original surgery due to coa^ilications. More 
commonly they occur eight or ten years after the original 
surgery due to any of a number of problems that may arise, 
such revisions are traumatic for the patient, tedious for the 
surgeon, and quite time consuming for surgical staff and 
facilities. 

A principal problem in revisions is removal of the 
femoral component. Some such components are made with 
transverse holes or threaded holes for connection of tools to 
extract the femoral stem from the medullary canal. Repeated 
hammer blows may be applied for driving the stem out of the 
cavity. Sometimes a window is cut in the femoral cortex near 
the distal end of the shank, and a punch and hammer are used 
for driving the shank toward the open end of the femur. 
Trauma to the patient can be severe and breakage of parts of 
the femur Is not unusual. The techniques employed for 
removing the femoral component have been characterized as 
barbaric. 

Another technique that has been attempted is removal of 
the polymethylmethacrylate with an ultrasonically vibrated 
osteotome. Such a technique is described in U.S. Patent 
No. 4,248,232 by Engelbrecht. The osteotome is used for 
scooping out polymethylmethacrylate cement softened by the 

35 ultrasonic vibrations. 

other techniques involve use of long, thin osteotomes for 
cutting either the cement used for securing the prosthesis in 
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the medullary canal or cancellous bone in the case of an 
ingrowth prosthesis. In effect, the osteotomes are long 
chisels which are tapped to disintegrate the cancellous bone 
or cement and free the prosthesis from the surrounding cortex. 
For example, in a paper entitled "Atraumatic Removal of a 
Well-Fixed Porous Ingrowth Hip Prosthesis," Qpthopedic fieview. 
Vol. 15, No. 5, June 1986, page 387, Doctors McClelland, James 
and Simmons describe removal of a femoral component "by the 
use of an oscillating saw and long, thin osteotomes to 
carefully separate the prosthesis from its intra-medullary 
environment. This portion of the procedure was both tedious 
and somewhat time-consuming, but no iatrogenic damage to the 
cortical tube of the proxiaial femur resulted. After the 
proximal half of the prosthesis had been freed up in this 
15 manner, the prosthesis was then extractable, using multiple 
heavy hammer blows applied to vise grips attached to the end 
of a McReynolds-wedge extractor." 

It is clear that faster and less traumatic techniques are 
desircQsle for removing components of prostheses inserted in 
20 the medullar canal. It is also desirable to provide quicker 
and easier techniques for implanting prostheses. In addition, 
there remains a need for a quick release connector for 
permitting the rapid connection and disconnection of surgical 
tool tips and extenders to a source of ultrasonic energy, 
25 which permits the efficient propagation of ultrasonic energy 
therethrough. 

fi^vmPiirv of the Invention 
There is provided in accordance with one aspect of the 
present invention a junction for rapidly connecting and 

30 disconnecting ultrasonic surgical components for the transfer 
of ultrasonic energy across said junction from a source 
thereof to an ultrasonically activated working tip. The 
junction comprises a generally cylindrical male component 
having at least two axially-extending splines spaced apart by 

35 at least two axially-extending flats. A female component is 
provided having a generally cylindrical recess with at least 
two axially-extending flats and at least two axially-extending 
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splines on the interior circumference thereof in a 
corresponding relationship with the male component. 

The female component is adapted to receive and be rotated 
with respect to the male component to interlock the 
5 corresponding splines and to provide a relatively high 
compression junction therebetween to enable an efficient 
transfer of ultrasonic energy. Preferably, axial compressions 
in excess of about 300 pounds will be achieved. More 
preferably, axial compressions in excess of about 600 pounds, 
10 and most preferably in excess of about 1,000 pounds will be 
achieved. In addition, the foregoing axial compressions are 
preferably achieved by a rotation of the male component with 
respect to the female component of approximately 90' plus or 
minus 10". 

In accordance with another aspect of the present 
invention, an ultrasonic medical tool is provided. The 
ultrasonic medical tool coii«)rises an ultrasonic transducer, an 
ultrasonic energy activated tip, and at least one extender 
extending between the transducer and the tip for conducting 
20 ultrasonic energy from the transducer to the tip. The 
extender is connected to the tip by means of at least one 
junction of the type defined above. 

In accordance with a further aspect of the present 
invention, there is provided a method for conducting a medical 
25 procedure, of the type using a plurality of different 
ultrasonic energy activated working tips. In accordance with 
the medical procedure method, an ultrasonic energy transducer 
is provided which is coupled to a first ultrasonic energy 
activated working tip by at least one junction of the type 
30 defined above. The transducer is activated to transmit 
ultrasonic energy to the tip, and at least a portion of the 
medical procedure is performed. 

Thereafter, the first ultrasonic energy activated tip is 
removed by rotation of the tip with respect to the transducer. 
35 A second ultrasonic energy activated tip is thereafter 
selected, and coupled to the transducer by way of a rotation 
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of the second tip with respect to the transducer. The medical 
procedure is thereafter continued, utilizing the second 
ultrasonic energy activated tip. Preferably, the medical 
procedure comprises the implantation or the removal of an 
5 endoprosthesis from the medullary canal. Alternatively, the 
medical procedure comprises the removal of cement from the 
medullary cajial. 

In accordance with a further aspect of the present 
invention, there is provided a method of removing cement or 

10 adhesive from the interior surface of the medullaoTr canal. In 
accordance with the adhesive removal method, an ultrasonic 
transducer is coupled to an ultrasonic energy activated 
adhesive cutting tool. The coupling is accomplished by 
inserting a male component in communication with one of the 

15 transducer and the tool within a recess in commxinication with 
the other of the transducer and the tool, and rotating the 
tool with respect to the transducer through an angle of about 
90'. The cutting tool is thereafter positioned in contact 
with the adhesive and activated so that the adhesive may be 

20 cut with the cutting tool. 

These and other features and advantages of the present 
invention will become apparent from the detailed description 
of preferred embodiments which follows, when considered 
together with the attached drawings and claims. 

25 Brief Description of the Drawings 

Figure 1 is a side view partly in cross section of an 
exemplary femoral implant component of a hip replacement joint 
as implanted in a femur with an osteotome for disrupting 
cancellous bone; 

3Q Figure 2 is a side view of another embodiment of a 

femoral component of a hip replacement joint implanted in a 
femur, with the head of the component exploded from the body; 

Figure 3 is a schematic view of a medical device 
including a power supply and an ultrasonic transducer equipped 

35 for coupling to a femoral component as illustrated in Figure 
2; 
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Figure 4 is a side view of a femoral component including 

rasp-like teeth? 

Figure 5 is a schematic illustration of an ultrasonic 
medical tool of the present invention showing a handpiece, an 
extender and a cement plug removal tool bit; 

Figure 6 is a perspective view of the extender of Figure 

5; 

Figure 7 is a partial cross-sectional view of the 
ultrasonic medical tool of Figure 5 taken along line 7-7 
illustrating two junctions of the present invention? 

Figure 8 is an exploded partial cross-sectional view of 
the jxinctions of Figure 7; 

Figure 9 is an exploded perspective view of one of the 
junctions of Figure 1, illustrating the generally cylindrical 
male component on the proximal end of a surgical tool having 
a pair of splines interrupted by a pair of flats? 

Figure 9a is a cross-sectional view of the junction of 
Figure 9 taken along line 9a-9a. 

Figure 10 is an assembly perspective view of the junction 
of Figure 9 with a male component inserted into a female 
component; 

Figure 11 is an assembly perspective view of the junction 
of Figure 10 with the components rotated to engage 
corresponding splines of each component? 

Figure 12 is a cross-sectional view of the junction of 
Figure 10 taken along lines 12-12? 

Figure 13 is a cross-sectional view of the junction of 
Figure 11 taken along lines 13-13? 

Figure 14 is a perspective view of a disk drill tool tip. 
p^t^ned Description 

Figure 1 illustrates an exemplary femoral component 10 of 
a hip prosthesis joint implanted in the end of a femur which 
has the trochanter osteotomized. The body 12 of the 
prosthesis and at least a portion of the shank 13 which 
extends along the medullary canal have a porous surface. Such 
a porous surface is provided on the prosthesis by some 
manufacturers in the form of metal beads having the same 
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composition as the prosthesis which are sintered onto the 
solid metal of the prosthesis. Other manufacturers employ a 
mat of metal wires sintered onto the surface. In either type, 
the porous surface portion provides a sxibstrate into which 
5 growth of cancellous bone 15 may occur for rigidly securing 
the prosthesis to the femur. Some prostheses have a collar 14 
which bears against the cortex 20 at the end of the femur. 
Collarless prostheses are also used. 

A neck 16 connects a ball or head 17 to the body of the 

10 prosthesis. The spherical head provides the bearing 
engagement with the acetabular cup (not shown) secured to the 
patient's pelvis. 

A transverse hole 18 extends through the prosthesis for 
engagement by a tool for extracting the prosthesis from the 

15 femur in the event a revision is required. In addition or 
alternatively, a threaded hole 19 is provided in the end of 
the body for receiving a tool which can provide a longitudinal 
force for withdrawing or inserting the prosthesis. 

Another type of prosthesis as illustrated in Figure 2 has 

20 a porous surface area 21 on the body for receiving ingrowth of 
cancellous bone for securing the prosthesis in the medullary 
canal. In the illustrated embodiment, the neck 22 of the 
prosthesis has a self-holding taper 23 at its proximal end for 
receiving a complementary female taper 24 in a head 25 which 

25 can thereby be removably secured to the prosthesis • A variety 
of self-holding tapers with different angles of taper and 
standard dimensions may be used. These include the Morse, 
Brown and Sharpe, Jamo, Sellers, Reed, American Standard and 
Metric tapers. Taper angles of 5% or less are customary. 

30 Self-holding tapers cause the shank, when seated firmly in the 
socket, to tend to stay in place by friction due to the small 
taper angle. For example, when the head is driven onto a 
Morse-type taper with a couple of mallet blows, it cannot be 
removed manually. A larger longitudinal force may be used for 

35 separating a self -holding taper. 

A removable bead for a prosthesis provides the 
opportunity for stocking heads with varying lengths of neck 
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for fitting to a variety of standard bodies for mixing and 
matching to fit the prosthesis to an individtial patient. For 
example, up to ten different dimensions of body may be matched 
with a dozen or so different heads with varying diameters and 

5 ne^ lengths. 

For ranoving a prosthesis implanted in a femur, an 
ultrasonic transducer 26 (Figure 3) is coupled to the 
prosthesis. At the end of the transducer there is a metal 
sleeve 27 having a socket 28 with a female self-holding taper 

10 matching the taper on the neck of the prosthesis. The 
intimate engagement of the self-holding taper provides high 
efficiency coupling of the ultrasonic vibrations from the 
transducer to the prosthesis. 

The ultrasonic transducer may be any of a variety of 

15 known transducers. These may include electrostrictive, 
magnetostrictive or electromagnetic devices, as may be 
preferred by the equipment manufacturer. Each of these has 
certain advantages depending on the frequency range, aa5)litude 
of vibration, and power level. 

20 The ultrasonic transducer is driven by an ultrasonic 

signal from a conventional power supply 29. Such power 
supplies typically permit the user to determine the frequency 
of oscillation and the power level of the ultrasonic signal 
sent to the transducer. For purposes of disrupting cancellous 

25 bone ingrown into the porous surface of a joint prosthesis, a 
frequency corresponding to a resonant frequency of the 
prosthesis is desirable for maximizing amplitude of vibration 
with a given signal strength. Some tuning of frequency for a 
particular prostheses implanted in bone may be employed in 
0 lieu of merely increasing signal strength. It is desirable to 
employ a frequency in the range of from about 20,000 to 40,000 
Hertz, preferably aroxind 25,000 Hertz. 

For removing the prosthesis, the transducer is coupled to 
the self-holding taper on the prosthesis and the prosthesis is 
5 ultrasonically vibrated by applying a signal to the 
transducer. The vibration of the prosthesis disrupts 
cancellous bone at the surface of the prosthesis due to the 
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impedance mismatch between the metallic prosthesis and the 
cancellous bone surrounding it. There is a substantial 
impedance mismatch between the portion of the prosthesis which 
does not have a porous surface and the surrounding cancellous 
bone, such as along the length of the shank, and the bone at 
the interface is readily disrupted. There is less of an 
impedance mismatch and also less energy transfer at the 
interface between the porous metal surface and the bony 
ingrowth. A somewhat higher energy input level is therefore 
required for disrupting cancellous bone adjacent to the 
surface of the porous ingrowth area. 

After applying ultrasonic vibrations for several seconds, 
an attempt is made to withdraw the prosthesis. If the 
transducer is in the way, it may be removed before trying to 
15 withdraw the prosthesis to avoid damaging the transducer. In 
the event the prosthesis is not readily removed by application 
of pressure of moderate impact, the ultrasonic signal strength 
can be increased to try again to see if there has been 
adequate disruption of the cancellous bone at the interface 
20 with the porous surface. 

Alternatively, the disruption of cancellous bone by the 
ultrasonic vibrations may be investigated by probing with a 
thin instrument passed along the body adjacent to the porous 
surface before an attempt is made to withdraw the prosthesis. 
25 Some prostheses, such as the one illustrated in Figure 1, 

have a head integral with the body rather than being connected 
thereto by a self-holding taper. The ultrasonic transducer 
may be coupled to such a prosthesis by way of a threaded hole, 
or a spherical socket may be used to mate with the spherical 
30 head and provide good energy transfer. 

An alternative technique may be employed for disrupting 
cancellous bone adjacent to the porous surface of the 
prosthesis. According to this technique an ultrasonic 
transducer 31 (Figure 1) is threaded onto a conventional 
35 osteotome 32 and the osteotome is inserted along the porous 
ingrowth surface of the prosthesis 10 for disrupting a narrow 
channel of cancellous bone. By repeatedly inserting 
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ultrasonically vibrating osteotomes along different areas of 
the body of the prosthesis, sufficient cancellous bone can be 
disrupted to free the prosthesis from the bone and permit its 
withdrawal with limited trauma to the patient. This technique 
for disrupting cancellous bone may be used in areas readily 
accessible at the proximal end of the prosthesis and 
ultrasonic vibration of the entire prosthesis may be employed 
for disrupting cancellous bone adjacent to the distal end of 
the prosthesis. 

It should be noted that disruption of the bone occurs at 
the impedance mismatch between the metal and the bone. There 
is sufficiently low energy transfer through the bone and other 
tissues to avoid significant damage to the cancellous bone or 
cortex remote from the interface. Preferably the energy level 
is kept low enough that there is insignificant disruption of 
cortical bone in places where the shank of the prosthesis 

contacts such bone. 

When removing a porous ingrowth prosthesis by 
ultrasonically vibrating osteotomes, equipment similar to that 
described in the Engelbrecht patent, SSSSSL, may be employed, 
the disclosure of which is hereby incorporated by this, 
reference. Osteotome blades are available with male threaded 
ends for attachment to handles or the like. The threaded end 
makes a convenient place for coupling an ultrasonic transducer 
to the osteotome. The threaded tip of a transducer may be 
placed in the threaded hole 19 in a prosthesis as illustrated 
in Figure 1 for efficiently coupling the ultrasonic vibrations 
between the transducer and the prosthesis. The way of 
coupling the transducer to the osteotome is not of 
significance and other means may be employed. Coupling to the 
self holding taper of a prosthesis is preferred. 

It will also be noted that the power levels required when 
a transducer is coupled to an osteotome are considerably less 
than when a transducer is coupled to the prosthesis itself, 
35 since the area of the interface at which cancellous bone is 
being disrupted is considerably different. 

A technique for removing a prosthesis by ultrasonically 
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vibrating it may also be employed where the prosthesis has a 
substantially smooth surface and is secured in the bone by a 
cement such as polymethylmethacrylate (PMHA) . In such an 
embodiment the PMMA remains softened and can' be readily 
5 disrupted while ultrasonic vibrations are being applied. When 
vibrations are discontinued, the ¥imA may become more rigid. 
It is, therefore, desirable when removing a prosthesis which 
is cemented in place, to apply ultrasonic vibrations and a 
withdrawing force simultaneously. This assures that a minimvua 

10 withdrawal force is used for withdrawing the component. 

Again, if the prosthesis is not removed readily with a 
withdrawing force which may be steady or in the form of 
impact, the power level may be increased until a reasonable 
withdrawing force is sufficient for withdrawing the prosthesis 

15 from the medullary canal. 

After removing the femoral stem 10, the revision 
procedure further requires the removal of the PMMA from the 
femoral canal. By energizing various specialized tool bits 
with ultrasonic energy, the tools easily slice through the 

20 softened PMHA and separate the PMHA from the adjacent 
cancellous bone 15. A variety of ultrasonic energy-activated 
tool bits or tips can be used during the cement removal 
procedure. For example, a gouge can be used to debulk cement 
from a proximal area, a flat osteotome can be used to separate 

25 the cement from the ceoicellous bone, a slitter or a hoe can be 
used to slice through the cement, and a cement plug 
modification tool, such as a plug removal tool bit 44 shown in 
Figure 5, can be used to remove a cement plug at the distal 
end of the femoral canal. 

30 Thus, there has been provided in accordance with another 

aspect of the present invention a mechanical junction for 
facilitating the rapid attachment and removal of any of the 
plurality of tool bits during the course of a surgical 
procedure. In addition to permitting rapid connection and 

35 disconnection within the -sterile field, the junction of the 
present invention achieves a high, evenly distributed 
compressive force to optimize propagation of ultrasonic energy 



SUBSTITUTE SHEET 



wo 92/15407 



PCr/US92/01645 



-12- 

froa the transducer to a tool bit, while maintaining a 
relatively small outside diameter of the ultrasonic tool. 

Referring to Figure 5, there is illustrated an ultrasonic 
medical tool 40 comprising an ultrasonic handpiece transducer 
5 42 and an ultrasonic energy-activated tool bit 44 coupled to 
the handpiece transducer 42 via an extender 46. A first 
junction 43 is illustrated at the proximal end 48 of extender 
46, and a second junction 45 is illustrated at the distal end 
49 of extender 46. As used herein, the words proximal and 

10 distal refer to proximity to the handpiece transducer which 
supplies the ultrasonic energy to the tool bit. 

Preferably, the location of each junction between the 
transducer 42 and tool bit 44 occurs at an antinode of the 
ultrasonic oscillation to minimize mechanical stress at the 

15 junctions. Thus, for example, junctions in an assembled tool 
will preferably be distanced apart by a whole number multiple 
of the distance where X equals the wavelength for a given 
frequency of ultrasonic oscillation. Preferably, the 
junctions will be located at multiples of A/2 ± 20% along the 

20 length of the assembled instrument. It should be noted that 
the junction (s) can occur at the nodes of oscillation so long 
as the junction is designed to withstand the increased 
mechanical stress at the nodal position. Due to the 
desirability of maintaining a relatively small tool diameter, 

25 however, together with efficient propagation, it is preferred 
that the junctions occur precisely at or approximately at. 
zmtinodal positions. 

For the cement removal process, it is desirable to employ 
a frequency in the range of from about 10,000 to about 100,000 

30 HZ, preferably about 20,000 to about 60,000 Hz, and most 
preferably around 40,000 Hz. Thus, for exaa^Jle, in a most 
preferred embodiment of the present invention, detailed infsa, 
antinodes are spaced approximately 2.4 inbhes apart in a 0.260 
inch diameter extender comprising the preferred titanium alloy 

35 and operated at approximately 40 kHz. 

The length of the tool bit 44 and the length and number 



SUBSTITUTE SHEET 



wo 92/15407 



PCrAJS92/0I645 



-13- 

of extenders 46, discussed Infra , is also influenced by its 
intended use. For example, when working inside the femoral 
canal, the length of the tool 44 together with the extender (s) 
46 should allow the tool 44 to be appropriately positioned 
5 within the canal, but not so long as to impair the surgeon's 
ability to maneuver the tool. Generally, the depth of the 
femoral canal in a human adult is generally not greater than 
on the order of about 20 inches. 

Preferably, the length of the tool 44 is also influenced 

10 by the intended operating frequency for that particular tool. 
For most tools, maximum longitudinal oscillation at the distal 
end of the tool bit 44 is desirably obtained by positioning 
the tip to coincide with an antinode of the ultrasonic 
oscillation. Thus, as discussed above, the length of the tool 

15 44 generally will equal a whole number multiple of V2 for the 
ultrasonic frequency employed and preferably will equal A/2. 
For example, in a most preferred embodiment, for use in the 
cement removal procedure, the tool length will equal about 2.4 
or 4.8 inches for operation at 40,000 Hz. 

20 It is preferred that the outer diameter of each surgical 

component match the outer dieuneter of the component intended 
to be joined immediately adjacent thereto to eliminate surface 
irregularities. When working in environments where liquid, 
such as blood or saline surrounds the tool, the transmitted 

25 ultrasonics can produce cavitations at projecting surfaces. 

Cavitation at areas other than the tool bit tip are 
undesirable because of the ultrasonic energy loss and because 
of the erosion effect on the surgical components. Thus, it is 
preferred that the outside diameters of the joined components 

30 be substantially identical at their interface so as to provide 
a substantially tiniform external dimension through each 
junction. 

The overall diameter of the tool bit 44 or extender 46 is 
limited only by the environment of its intended use. For 
35 example, in replacing the femoral component 10 of a hip joint 
replacement, the tool bit 44 diameter is limited by the 
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interior diameter of the femoral canal ^ich typically ranges 
between about .25 to about .75 inches. Preferably, the tool 
bit 44 diameter is sized even smaller to allow for the 
concurrent insertion into the femoral canal of additional 
5 apparatus such as irrigation and aspiration tubes, as well as 
a fiber optic visued-ization system. 

The overall diameter also depends upon the conf igxiration 
of the tool bit 44 tip. For example, a gouge may have a wider 
overall diameter than a slitter. In general, the diameter of 

10 the tool bit at the junction- is less than about 1/2 inch and 
preferably less than about 3/8 inch. More preferably, the 
junction diameter is about 0.260 inches. 

The diameter of the tool bit 44 along its axial length 
can be tailored to produce a desired longitudinal oscillation 

15 or stroke at a tool tip 51. As known in the art, by changing 
the diameter of the tool along its length, the amplitude of 
the oscillation will also change. Thus, by decreasing the 
tool diameter either gradually (i.e., in a Gaussian shape) or 
by stepped diameter, the amplitude can be adjusted to achieve 

20 a desired stroke at the tool tip 51. 

In general, the stroke of the tool tip 51 should not be 
so great as to overstress the tool 44. For example, in a most 
preferred embodiment of the present invention, with the 
diameter equal to .260 inches in a titanium alloy tool, the 

25 stroke should not exceed about .004 inches peak-to-peak. It 
is understood, however, tixat the shape of tool or the 
tempering of the material comprising the tool can increase its 
ability to withstand greater stress at larger strokes. But it 
has been found that stroke lengths greater than about .008 

30 inches peak-to-peak do not appreciably increase the 
effectiveness of the tool to remove cement or fashion the 

camcellous bone. 

More preferably, the longitudinal profile of the tool 
should be designed to produce a stroke length of from about 
35 .001 inches to about .004 inches, and most preferably a stroke 
length of about .002 inches for the majority of tool tip 51 
configurations. For tool tips with relatively large surface 
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area, the stroke is preferably larger, such as in the range of 
.002 to .004 inches peak-to-pcak. 

Referring to Figure 5, the illustrated tool bit 44 
comprises a barb tip tool bit having a generally radially 
symmetrical body portion 70, which, preferably, is 
substantially cylindrical. A generally arrow-shaped opposing 
pair of projections 72 are positioned at the distal end of the 
tool bit 44 which ramp radially inwardly in the distal 
direction to form a sharp point. Preferably, the tool bit 44 
additionally includes a second opposing pair of arrow-shaped 
projections 74 disposed on the proximal side of the first 
projections 72. The tool bit 44 additionally preferably 
comprises a substantially radially symmetrical distal portion 
76 of reduced exterior dimension positioned between the 
projections 74 and the cylindrical body portion 70 to amplify 
the ultrasonic oscillations at the distal end of the tool bit, 
as known in the art and discussed above. 

in use, the plug removal tool bit illustrated in Figure 
5 is inserted under ultrasonic energy into the cement plug 
which remains in the bottom of the femoral canal following 
removal of a cemented prosthesis. Softened cement flows up 
over the ramped surfaces and behind the barb, thereby enabling 
manual retraction of the tool to pull the cement plug loose 
from the femoral canal* 

Although Figure 5 illustrated the tool bit 44 as being a 
barb tip tool bit, it is understood that other tool 
configurations, such as a gouge, slitter or hoe, can be used 
as well. For example, Figure 14 illustrates a Poly Methyl 
Methacralate modification tool 77. The disk drill tool bit 77 
comprises an elongate body portion 78 and a radially outwardly 
extending annular flange 80 positioned at the distal end of 
the tool bit 77. The flange 80 is provided with a plurality 
of apertures 82 extending therethrough in the longitudinal 
direction. Preferably, the annixlar flange 80 is inclined 
radially inwardly in the distal direction to produce a 
sxibstantially cone shaped working tip. 
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in use, the conical tip 83 is embedded in the cement plug 
under ultrasonic energy with some softened cement extruding 
through the apertures 82. The tool is mechanically withdrawn 
from the canal to extract the cement extruded ' through the 
apparatus. Preferably, the apertures 82 are sized and 
positioned to optimize the extraction of the cement, while at 
the same time retaining sufficient structural integrity to 
withstand the combination of ultrasonic energy and physical 
manipulation by the clinician. Generally, the tool comprises 
from about 4 to about 20 apertures 82 evenly spaced about the 
circumference of the conical tip 80. Preferably, about six to 
about ten apertures are provided. 

It is also preferred that the body 78 have one or more 
diameter reductions 84 to amplify the ultrasonic oscillations 
15 at the distal end of the tool, as discussed above. 

The ultrasonic energy conducting extender 46 will be 
understood by reference to Figures 5 and 6. The extender 46 
enables the tool bit 44 to be spaced apart from the transducer 
42 and acoustically couples the tool bit 44 to the transducer 
handpiece 42, as shown in Figure 5, The length of the 
extender 46, like the tool bit 44, is influenced by the 
operating wavelength and by its intended use. 

Preferably, the extender length coincides with the 
wavelength of the ultrasonic oscillation to position the 
handpiece/extender junction and the extender/tool junction at 
antinodes of the oscillation. More preferably, the length of 
the extender 46 equals 2.022 inches, 4.453 inches or 6.849 
inches, plus or minus 20%, preferably plus or minus less than 
10%, more preferably plus or minus less than 5% and most 
preferably plus or minus no more than about 1%. 

It is also preferred that the extender 46 includes a 
stepped diameter 47, as shown in Figure 6, to amplify the 
ultrasonic energy, as discussed above in the context of the 
tool diameter. However, for successive extenders, it is 
understood that extenders may be provided having a 
substantially uniform cross-sectional dimension throughout. 
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Ref erring to Figure 8, the tool bit 44 connects to the 
extender 46 via a second junction 45. Likewise, the extender 
46 connects to the handpiece 42 via a first junction 43. It 
is contemplated that the structure of the first and second 

5 junctions 43, 45, apart from diameter, will be substantially 
identical, and the discussion herein of one will be understood 
as applying equally to both, unless specified to the contrary. 

Figures 7-9 illustrate the junctions 43, 45 which 
comprise a generally cylindrical male component 52 and a 

10 txibular female component 54 comprising a generally cylindrical 
recess 56 adapted to receive the male component 52. These 
components quickly connect by inserting the male component 52 
into the female component 54 and rotating one coa^onent with 
respect to the other component, preferably through a 

15 relatively short rotational arc, and optimally about ninety 
plus or minus 10*. 

When joined, the junction 43 produces a relatively high 
axial compression force, which is preferably uniformly 
distributed symmetrically about the contact surfaces between 

20 the two components to optimize the transfer of ultrasonic 
energy across the junction 43. Non uniform distribution of 
the axial compression force eibout the longitudinal axis of the 
junction 43 tends to decrease the efficiency of the transfer 
of energy across the junction 43, and can cause unwanted 

25 transverse motion (whipping) and may lead to premature 
mechanical failure. 

Although Figures 6 through 12 illustrate the male 
component 52 extending in a proximal direction, it is 
understood that the relationship of the male and female 

30 components can be reversed. 

Referring to Figures 8 and 9, the male component 52 
comprises at least two axially extending splines 58 spaced 
apart by at least two axially extending flats 60. Preferably, 
the male component 52 comprises two diametrically opposed 

35 splines 58 and two diametrically opposed flats 60, 
alternatively positioned around the circumference of the 
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coji5)onent, as seen in Figure 9. 

Each spline 58 comprises a plurality of external threads 
62 preferably configured in accordance with the American 
National Standard for Unified Threads ("UN"). ' It will be 
understood that other thread configurations, such as the 
American National Standard Acme Screw Threads ("Acme") , can be 
used as well. It has been found preferable, however, to 
employ the UN thread design instead of others, such as the 
Acme thread design, primarily for manufacturing ease. 

Advantageously, the thread pitdh and the pitcsh diameter 
of the threads 62 and the length of the splines 58 are 
selected to produce high axial compression between the 
components without structural failure. It is also preferable 
to select a generally standard thread for manufacturing 
15 convenience. Additionally, the threads must engage to produce 
high axial compression with little rotation. Preferably, 
circumferentially, 75% of the threads engage with rotation of 
no more than about 90- plus or minus 10«. For example, in one 
preferred embodiment the splines 58 comprise a series of 10-28 
UNS-2A threads along a length of .315 inches, and in another 
embodiment, the splines 58 comprises a series of 1/4-28 UNF-2A 
threads along a length of .435 inches. In general, the spline 
preferably comprises about 12 interrupted threads. 

In general, the junction 43 has a minimum of 45« of total 
engagement between the spline threads to produce the high 
axial compression without mechanical failure. Preferably, the 
junction has an engagement between about 90-179* and most 
preferably about 173' (48% of 360« - 172. 8'). Thus, in a most 
preferred embodiment, the sum of the lengths of the threads 62 
on the male component measured in a circumferential direction 
preferably range from 90* to 179*, and more preferably equal 

173'. 

The circumferential length of eacsh spline thread 58 
(i.e., the circumferential width of each spline) depends upon 
35 the number of splines 58 ei«>loyed. For example, in a most 
preferred embodiment having two splines, the length of the 
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thread 62 in a single spline along the circtuaferential 
direction range between 45' and 89.5* , and preferably equal 
86.5*. 

The female component 54 likewise comprises at least two 
5 axially extending splines 64 and at least two axially 
extending flats 66, disposed on the recess circximference 56 in 
a corresponding relationship with the flats and splines on the 
male component, as best seen in Figures 7, 12 and 13. 
Preferably, the female component 54 comprises two 
10 diametrically opposed splines 64 and two diametrically opposed 
flats 66 alternatively positioned aroxind the circumference of 
the recess 56, as best seen in Figure 12. Each spline 64 
comprises a plurality of internal threads 68 configured to 
match and engage with the threads 62 on the male component 52. 

15 

As discussed above, the s\m of the length of the threads 
68 around the circumference of the recess 56 is preferably not 
less than about 90" and not greater than about 179% and most 
preferably equal 173*. Each spline thread length depends upon 

20 the nvimber of splines employed. For example, in a most 
preferred embodiment having two splines 64, the threads 68 of 
each spline 64 extend around the circximference of the recess 
56 for at least approximately 45% but less than approximately 
89.5**, and preferably equal 86.5'. 

25 The two splines 64 and two flats 66 alternately disposed 

on the interior circumference of the female component recess 
56 provide an axial key-way 67 for receiving the two opposing 
splines 58 on the male component 52, as shown in Figxire 12. 
The male component 52 is inserted into the recess 56 of the 

30 female component 54 and rotated to interlock the corresponding 
splines on the male and female components, as shown in Figure 
13. It is desired that minimum rotation of one component with 
resect to the other component will produce a junction which 
achieves a relatively high efficiency of energy transmission 

35 therethrough. 
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in general, it has been found that a high compression 
across the junction syimaetrically distributed about its 
longitudinal axis optimizes energy propagation. Preferably, 
the thread 62, 68 design of the junction 50 produces greater 
than about 300 pounds of axial compression force between the 
components with rotation of about 90- ± 10%. More preferably, 
a compression in excess of about 500 pounds will be achieved. 
Axial compressions of about 675 lbs. for a junction having an 
outside diameter of about .260 have been measured, 
compressions in excess of about 1500 lbs. have been measured 
with an outside diameter of 7/16 inch, and in excess of about 
2300 lbs. have been measured for diameters of .750 inches. As 
a result of higher compression, the ultrasonic pressure wave 
propagates across the junction with minimal energy loss. 

It is preferred that the points of contact between the 
two joined surgical components be symmetric about the 
longitudinal axis of the male component 52 to uniformly 
distribute the compression force about the junction 43 in the 
radial direction. As a result, the ultrasonic oscillation 
maintains its propagation along the longitudinal axis of the 
joined surgical components without deflection from that axis. 
If deflection occurs, the tool will tend to whip resulting in 
undesired heat build-up and loss of energy at the tool tip 51. 

In this regard, the female component 54 preferably 
additionally comprises an annular engagement surface 86 on the 
proximal end thereof which contacts a corresponding amiular 
engagement surface 88 of the male component 52. Preferably, 
the engagement surface 86 of the female component 54 extends 
radially outwardly along a plane substantially perpendicular 
the axis of the internal recess 56, and the engagement surface 
88 of the male component 52 extends radially outward along a 
plane substantially perpendicular to the axis of the male 
component 52. Referring to Figure 7, as the splines 58, 64 
interlock, the two components draw together to force the 
engagement surfaces 86, 88 against each other, resulting in an 
axial compression force across the junction 50. 
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Preferably, the engagement surfaces 86, 88 are smoothly 
polished to produce a substantially liquid-tight seal between 
the components as the surfaces ahut. In addition to 
optimizing energy propagation, a liquid-tight seal reduces 
5 cavitation erosion of the components at the jxinction 50 and 
thereby extends the life of each component. 

In a preferred embodiment, the female component 54 
additionally comprises an axially extending, generally 
cylindrical counterbore 90 at the distal end of the recess 56 

10 for receiving a generally cylindrical shank barrel 92 on the 
proximal end of the male component 52. The counterbore 90 and 
the shank barrel 92 are preferably centered with respect to 
the longitudinal axis of the male component 52. Preferably, 
the shank barrel 92 smoothly fits into the counterbore 90 to 

15 center the female component 54 with respect to the male 
component 52. 

Advantageously, the male component 52 further comprises 
an undercut region 94 positioned between the engagement 
surface 88 and the spline 58 so that the spline threads 62 are 

20 fully formed (i.e., no run-out region). As a result, the 
splines 58 can be reduced in overall length, as will be 
understood in the art. 

Referring to Figure 8, the female component 54 preferably 
additionally includes a generally cylindrical pilot recess 96 

25 for receiving a corresponding generally cylindrical tip barrel 
98 at the proximal end of the male component 52. Preferably, 
the diameters of the pilot recess 96 and the tip barrel 98 
substantially coincide with the minor diameter of the threads 
62, 68. Advantageously, the pilot recess 96 and the tip 

30 barrel 98 are centered cd)OUt the longitudinal axis of the male 
component 52 for optimizing the concentricity of the 
engagement surfaces 86, 88 between the components to optimize 
the longitudinal transfer of ultrasonic energy through the 
junction 43. 

35 To facilitate rapid interconnection between the 

components, the female component 54 preferably additionally 
comprises an annular internal chamfer 100 and the male 
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component 52 additionally ceii«)ri8es an annular tip chaafer 
102. When the male conponent 52 is inserted into the female 
component 54, the chamfers 100, 102 ease the insertion by 
funneling the components together. Additionally, 'the edges of 
the leading spline threads 62 of the male component 52 
preferably include a chamfer 104 to ease the engagement 
between the splines 58, 64 of the male component 52 and female 
cosqponent 54. 

Referring to Figures 10 through 13, it is preferred that 
the surgical components include alignment arrows 106 etched on 
the exterior surface of the components to aid in the 
connection process. By aligning the arrows, the splines 58 of 
the male component 52 align with the key-way 67 of the female 
component 54, as seen in Figures 10 and 12. By rotating the 
X5 components as shown in Figure 11, the splines 58,64 of the two 
components interlock, as shown in Figure 13. Flat opposing 
surfaces are provided on the exterior surface of all parts to 
receive a wrentdi to facilitate tightening and untightening of 
the junctions. 

20 Those skilled in the art can manufacture the disclosed 

junction 43 by processes known in the art. For example, the 
generally cylindrical male component 52 and the shank barrel 
92 thereto can be cut into an end of the shank of a surgical 
component, such as the extender 46 or the tool bit 46. The 
25 threads 62 can either be cold rolled onto the cylinder or 
preferably machine cut into the cylinder. The flats 64 can 
then be milled onto the component thereby intem^ting the 
- threads 62. Finally, the tip barrel 98 can be cut onto the 
distal end of the male con5)onent 52 such as by lathing 
operations well known in the art and the chamfers 102, 104 
simileurly added thereto. 

The recess 56 of the female component 54 can be made by 
drilling the pilot hole recess 96 into the end of a surgical 
component. The counterbore 90 then can be milled and a. 
portion of the pilot hole 96 tapped with the appropriate 
internal threads by processes known in the art. The flats 66 
can be milled and broached into the recess 56 thereby 
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interrupting the threads 68 on the recess 56 vail. Finally, 
the internal annular chamfer 100 can be drilled or milled to 
form a smooth transition from the counterbore 90 to the 
threaded recess 56. 
5 The tool bits 44 and extenders 46 herein can be 

manufactured from any of a variety of materials known in the 
art. Preferably, high quality factor materials are used due 
to their known superiority in propagating ultrasonic energy. 
More preferably, a 400 series stainless steel or titanixm is 

10 used because of their relative biocompatibility and their 
strength. Most preferably, a high grade titanium, such as Ti- 
6A1-4V alloy (aircraft grade 5) , AA sonic inspected, is used. 

An ultrasonic technique may also be employed for 
implanting an original or a replacement prosthesis during 

15 revision surgery. The preparation of a cavity in which a 
prosthesis is placed can be tedious and careful shaping of the 
cavity is important so that a tight fit is obtained. This is 
particularly significant for implantation of prostheses having 
porous surfaces for ingrowth of cancellous bone. At present 

20 such a cavity is formed by drilling and reaming to form a 
cavity of roughly the right shape and size and then finishing 
the cavity with a rasp or series of rasps complementaiTr to the 
shape of the prosthesis, which are hammered or pressed into 
the medullary canal. 

25 In practice of this invention at least the final reaming 

of the cavity is done by ultrasonically vibrating an object 
having the same shape as the prosthesis, with sufficient 
energy to disrupt cancellous bone, and pressing the 
ultrasonically vibrating object into the cancellous bone for 

30 forming a cavity complementary to the prosthesis. Preferably 
the object has rasp-like teeth which further aid in disanapting 
cancellous bone so that the object can be pressed into the 
cavity without excessive force which could fracture the 
cortex. 

3 5 The Ob j ect employed for forming a cavity in the 

cancellous bone complementary to the prosthesis may be a rasp 
that is inserted and temporarily left in place for testing and 
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otber procedures before the prosthesis is implanted. 
Preferably the object comprises the prosthesis itself. Thus, 
as illustrated in Figure 4, a prosthesis 36 such as the 
femoral component of a hip joint has a plurality of rasp-like 
5 teeth on surface areas 37 on at least the tapering body 
portion of the prosthesis, exemplary size for the rasp- 

like teeth is about 400 micrometers peak-to-peak. An 
ultrasonic transducer 38 is coupled to the self-holding taper 
39 on the neck of the prosthesis as hereinabove described. As 
10 the prosthesis is ultrasonically vibrated by the transducer, 
it is pressed into the cavity and the teeth cut cancellous 
bone until the prosthesis fits tightly in the cavity. The 
transducer can then be removed and the prosthesis left in the 
cavity so formed. 

15 It is not important that the scarf produced by the teeth 

on the prosthesis be removed from the cavity. On the 
contrary, it is not unusual to pack a portion of the cavity 
with fragments of cancellous bone and tissue removed in 
forming the cavity to assure a tight fit of the prosthesis. 

20 such materials appear to promote growth of cancellous bone and 
may enhance fixation of a porous ingrowth prosthesis in the 
cavity. It is desirable to employ teeth with a spacing from 
about 50 to 400 micrometers since that is appropriate for 
ingrowth of cancellous bone. Thus, the newly grown cancellous 

25 bone between the teeth tends to secure the prosthesis in the 
cavity. In other words, the teeth are analogous to the porous 
surface on conventional ingrowth type prostheses. 

Although limited embodiments have been described and 
illustrated herein, it will be readily appreciated by those 

30 skilled in the art that there may be many modifications and 
variations of practice of this invention. For example, 
although coupling the ultrasonic transducer to the self- 
holding taper on a prosthesis is particularly desirable, any 
of a variety of coupling means may be employed. As should 

35 already be apparent from the description, these techniques may 
be employed in combination with other conventional techniques 
for loosening and removing a prosthesis from a joint. 
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Further, although described in the context of a hip joint 
replacement, it will be apparent that similar techniques may 
be used with implants of shoulder joints, knees and the like, 
or with pins used for reinforcing bone. For example, 
ultrasonic vibrations may be used for implanting the keel of 
the tibial component of a knee joint. Ultrasonic vibration of 
a rasping object may be used for final shaping of the cavity 
for an acetabular cup. It is, therefore, to be understood 
that within the scope of the appended claims, this invention 
may be practiced otherwise then as specifically described. 
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1. A junction for rapidly connecting and disconnecting 
ultrasonic surgical components for the transfer of ultrasonic 
energy across said junction, comprising: 

a generally cylindrical male component comprising at 
least two axially extending splines spaced apart by at 
least two axially extending flats? and 

a female component comprising a generally 
cylindrical recess having at least two axially extending 
flats and at least two axially extending splines on the 
circumference of the recess in a corresponding 
relationship with said at least two flats and at least 
two splines on said male cannpon&nti 

said female component adapted to receive said male 
component and rotate with respect thereto to interlock 
the corresponding splines on the male and female 
components, to provide a high compression junction for 
the efficient transfer of ultrasonic energy between said 
male and female components. 

2. A junction as in' Claim 1, wherein said male 
component comprises two diametrically opposed splines and two 
diametrically opposed flats, said splines and flats 
alternately positioned around the circumference of said 
component. 

25 3. A junction as in Claim 1, wherein said female 

component further comprises a generally cylindrical pilot 
recess for receiving a corresponding generally cylindrical tip 
barrel on said male component for optimizing the 
concentricity between said male and female components of said 
junction to thereby optimize the transfer of ultrasonic energy 
therethrough. 

4. A junction as in Claim 3, wherein said tip barrel 
terminates at its proximal end at said at least two splines, 
and terminates at its distal end at an annular tip barrel 
chamfer for facilitating rapid interconnection of said male 
and female components. 
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5, A junction as in Claim 1, wherein said female 
component further comprises an axially extending, generally 
cylindrical counterbore at the proximal end of said recess for 
receiving a generally cylindrical shank barrel on the proximal 

5 end of said male component. 

6. A junction as in Claim 5, wherein the generally 
cylindrical counterbore on said female component is further 
provided with an annular internal chamfer for facilitating 
rapid interconnection of said male and female components. 

10 7. A junction as in Claim 1, wherein said male 

component and said female components are rotated no more than 
about 90* ± 10^ with respect to each other to achieve a 
compressive force in excess of about 675 pounds. 

8. A junction as in Claim 1, further comprising an 
15 annular engagement surface on the proximal end of said female 

component, extending in a pleme substantially perpendicular to 
the axis of said internal recess, for engaging a corresponding 
annular engagement surface near the proximal end of said male 
component, which extends radially outwardly along a plane 
20 substantially perpendicular to the axis of said male 
component. 

9. A junction as in Claim 8, wherein a rotation of said 
male component with respect to said female component of within 
the range of about 80* to 100* creates a compressive force 

25 between said female engagement surface and male engagement 
surface in excess of about 300 pounds. 

10. A junction as in Claim 9, wherein the junction 
between said female engagement surface and male engagement 
surface provide a substantially fluid-tight seal. 

30 11. A junction as in Claim 1, wherein each of said 

splines on said male component comprises a plurality of 
exteimal threads configured in accordetnce with the American 
National Standard for Unified Threads having a pitch of 28 
threads per inch. 

35 12. A junction as in Claim 11, wherein said external 

threads are 10-28 UHS. 
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13. A junction as in Claim 11, wherein said external 
threads are 1/4-28 UNF. 

14. A junction as in Claim 11, wherein the length of 
said threads taken along a circumferential direction is no 
more than about 48% of the circumference of said male 
cos^onent. 

15. A junction as in Claim 11, wherein the sum of the 
length of said threads on said male component measured in a 
circumferential direction does not exceed any more than about 
120" of the circumference of said male component. 

16. A junction as in Claim 1, wherein two splines and 
two flats are disposed on the interior circumference of said 
female component in opposing relationship, thereby providing 
a key way axially therethrough for receiving two opposing 

15 splines on said male con^ionent. 

17. An ultrasonic medical tool, coa^jrising an ultrasound 
transducer, an ultrasonic energy activated tip and at least 
one extender extending between said transducer and said tip 
for conducting ultrasonic energy from said transducer to said 
tip, said extender connected to said tip by means of a 

junction as in Claim 1. 

18. A method for conducting a medical procedure, 
comprising the use of a plurality of different ultrasonic 
energy-activated working tips, comprising the steps of: 

providing an ultrasonic energy transducer connected 
by way of at least one junction as claimed in Claim 1 to 
a first ultrasonic energy-activated working tip; 

activating said transducer to transmit ultrasonic 

energy to said tip; 

performing at least a portion of said medical 

procedure; 

thereafter removing said first ultrasonic energy- 
activated tip by rotating said tip with respect to said 
connector; 

selecting a second ultrasonic energy-activated tip 
and connecting said second tip to said connector by way 
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of a rotation of said second tip with respect to said 
connector; and 

continuing said medical procedure utilizing said 
second ultrasonic energy-activated tip. 
5 19. A method as in Claim 18, wherein said ultrasonic 

energy transducer is deactivated prior to the removal of said 
first ultrasonic energy-activated tip and reactivated 
following the connection of said second ultrasonic energy- 
activated tip. 

10 20. A method as in Claim 18, wherein said medical 

procedure comprises the implantation or removal of an 
endoprosthesis from the medullary canal. 

21. A method as in Claim 18, wherein said ultrasonic 
energy is within the range of from about 10 kHz to about 100 

15 kHz. 

22 • A method of removing adhesive from the interior 
surface of a medullary canal, comprising the steps of: 
providing an ultrasonic transducer; 
coupling said transducer to an ultrasonic energy- 
20 activated adhesive cutting tool, said coupling 

accomplished by inserting a male component in 
communication with one of said transducer and said tool 
within a recess in communication with the other of said 
transducer and said tool and rotating said tool with 
25 respect to said transducer through an angle of about 90*; 

positioning said cutting tool in contact with said 
adhesive; 

activating said ultrasonic transducer either before 
or after said positioning step; and 
30 cutting said adhesive with said cutting tool. 

23. A method as in Claim 22, wherein said adhesive 
comprises Poly Methyl Methacrylate. 

24. A method as in Claim 22, further comprising the 
steps of: 

35 disconnecting said tool from said transducer by 

rotating said tool about 90* with respect to said 
transducer; 
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selec±ing a second tool; and 

connecting said second tool to said transducer by 
rotating said second tool with respect to said transducer 
about 90- to generate a coii«)ressive force in excess of 

5 about 600 pounds. 

25. An ultrasonic energy-activated tool of the type 
adapted for coupling to an ultrasonic transducer for 
conducting a medical procedure under ultrasonic energy, said 

tool comprising: 

a connector on the proximal end of said tool for 
coupling said tool to said ultrasonic transducer; and 

a distal operating surface on said tool for 
contacting the surface to be worked upon during said 
medical procedure, wherein the operating surface of said 
tool comprises a thin leading edge with a minimum 2» 
draft immediately behind the leading edge to reduce the 
tool surface area in contact with material to be cut or 
formed. 

26. An ultrasonic tool as in Claim 25, wherein said tip 
20 comprises a generally arrow-shaped projection. 

27. An ultrasonic tool as in Claim 26, wherein said tip 
additionally comprises a second generally arrow-shaped 
projection positioned on the proximal side of the first 
pro j ection • 

25 28. An ultrasonic energy-activated tool of the type 

adapted for coupling to an ultrasonic transducer for 
conducting a medical procedure under ultrasonic energy, said 

tool comprising: 

a connector on the proximal end of said tool for 
30 coupling said tool to said ultrasonic transducer; and 

an operating surface on said tool for contacting the 
surface to be worked upon during said medical procedure, 
wherein the operating surface of said tool comprises a 
generally conical tip having a plurality of apertures 
35 piercing through said conical tip. 

29. An ultrasonic energy-activated tool of the type 
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adapted for coupling to an ultrasonic transducer for 
conducting a medical procedure under ultrasonic energy, said 
tool comprising: 

an operating surface on the distal end of the tool 
5 for contacting a surgical site to be operated upon during 

said medical procedure; and 

a connector on the proximal end of said tool for 
coupling said tool to said ultrasonic transducer, said 
connector comprising: 
10 a shank barrel; and 

a stud member having a tip barrel and an 
interrupted threaded portion, said threads 
interrupted by a pair of diametrically opposed 
longitudinal flats, said threaded portion disposed 
15 between said shank barrel and said tip barrel. 

30. An ultrasonic energy-activated tool of the type 
adapted for coupling to an ultrasonic transducer for 
conducting a medical procedure under ultrasonic energy , said 
tool comprising: 

20 an operating surface on the distal end of the tool 

for contacting a surgical site to be operated upon during 
said medical procedure; and 

a connector on the proximal end of said tool for 
coupling said tool to said ultrasonic transducer, said 
25 connector comprising: 

an engagement surface to abut a similar 
surface of said male component when engaged; 

a recess having a threaded portion interrupted 
by a pair of diametrically opposed longitudinal 
30 flats; and 

a covinterbore to concentrically position said 
male component with said female component when 
engaged, said counterbore disposed between said 
engagement surface and said threaded portion. 
35 31. A junction for rapidly connecting and disconnecting 

ultrasonic surgical components for the efficient and effective 
transfer of ultrasonic energy across said junction. 
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comprising: 

a male component comprising a generally cylindrical 
projecting structure having a shank barrel, a tip barrel, 
two diametrically opposed splines and two diametrically 
5 opposed flats, said splines and flats alternately 

positioned euroxind said structure circumference and 
disposed between said shemk barrel and said tip barrel; 
and 

a female component comprising a generally 
10 cylindrical recess having a counterbore, a pair of 

diametrically opposed splines and a pair of diametrically 
opposed flats, said splines and flats alternately 
positioned around said recess circumference and disposed 
between said coiinterbore and said pilot recess, 
15 said male component adapted to slide into said 

female component and rotatable thereon to interlock the 
corresponding spines on the male and female components, 
said tip barrel snugly fit within said pilot recess and 
said shamk barrel engaged with said coxinterbore. 
20 32. A male component of a quick connect junction used to 

connect ultrasonic surgical components in a manner efficiently 
and effectively transferring ultrasonic energy from one 
component to another, said male component adapted to slidably 
engage with a female component of said junction and to rotate 
25 into an interlocking position, conprising: 

a shank barrel; and 

an stud member having a tip beunrel and an 
interrupted threaded portion, said threads interrupted by 
a pair of diametrically opposed longitudinal flats, said 
30 threaded portion disposed between said shank barrel and 

said tip barrel. 

33. A female component of a quick connect j\inction used 
to connect ultrasonic surgical components in a manner 
efficiently and effectively transferring ultrasonic energy 
35 from one component to another, said female component adapted 
to slidably engage with a male component of said junction and 
to rotate into an interlocking position, comprising: 
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an engagement surface to abut a similar surface of 
said male component when engaged; 

a recess having a threaded portion interrupted by a 
pair of diametrically opposed longitudinal 'flats; and 

a counterbore to concentrically position said male 
component with said female component when engaged, said 
counterbore disposed between said engagement surface and 
said threaded poirtion. 
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